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To characterize changes in circulation after birth, 11 
normal full-term infants were examined with two-
dimensional and pulsed Doppler echocardiography. The 
initial examination was performed within 10 hours after 
delivery and serially for 3 days. Retrograde diastolic 
pulmonary artery velocities, which are evidence for a 
patent ductus arteriosus, were detected in 10 infants 
(91 %) on day 1, in 2 (18%) on day 2 and in none on 
day 3. Retrograde systolic descending aortic velocities, 
which are evidence of flow from the aorta into the ductus 
arteriosus, were observed in 10 infants (91 %) on day 1, 
9 (81 %) on day 2 and 7 (64%) on day 3. Persistence of 
the retrograde systolic velocity in the descending aorta 
in the absence of rt'trograde diastolic velocity in the pul-
monary artery is consistent with physiologic ductal do-
Dramatic changes occur in the circulation of the newborn: 
gas exchange is transferred from the placenta to the lungs, 
the pulmonary vascular resistance decreases and pulmonary 
blood flow markedly increases, Removal of the low resis-
tance bed of the placenta increases systemic resistance, in-
terrupts umbilical venous return and is associated with sub-
sequent closure of the ductus venosus. The increase in 
pulmonary venous return and decrease in inferior vena cava 
blood flow result in functional closure of the foramen ovale. 
In the mature infant, the ductus arteriosus is said to func-
tionally close within 10 to 15 hours after birth (1,2). How-
ever, a recent study (3) suggests that closure of the patent 
ductus arteriosus actually occurs considerably later. 
Two-dimensional pulsed Doppler echocardiography pro-
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sure beginning near the pulmonary artery end of the 
ductus arteriosus. 
Localized turbulent retrograde systolic flow, proxi-
mal to the septal leaflet of the tricuspid valve and con-
sistent with tricuspid insufficiency, was detected in six 
patients (55%) on day 1, in eight (73%) on day 2 and 
in seven (64%) on day 3. Thus, tricuspid insufficiency 
appears to be a frequent observation in healthy newborns. 
Normal Doppler velocities in the great arteries and 
across the tricuspid and mitral valves of newborns up 
to 3 days of age are presented. These normal measures 
of intracardiac flow velocities may be used for compar-
ison to identify abnormal flow profiles in newborns with 
congenital heart defects. 
(J Am Coli CardioI1985;6:623-9) 
vides a noninvasive technique for recording flow velocities 
throughout the cardiac chambers and great arteries (4), and 
thus can be used to detect cardiovascular adjustments in the 
newborn. In normal newborns we report the changes in the 
transitional circulation as measured by two-dimensional pulsed 
Doppler echocardiography. 
Methods 
Study subjects. We performed pulsed Doppler echo-
cardiographic studies on II full-term infants with a gesta-
tional age greater than 38 weeks. Each was a product of a 
normal pregnancy, labor and delivery. Infants were of av-
erage size for gestational age and mean (± SO) birth weight 
was 3.5 ± 0.4 kg. All infants had an initial Apgar score 
grea[er than 6 with mean scores at 1 and 5 minutes of 7.5 
and 9, respectively. All newborns had a normal physical 
examination and were free of cardiovascular disease; they 
all had a structurally normal heart by echocardiographic 
study. Informed written consent was obtained according to 
a protocol approved by the Human Subjects Committee. 
The initial study was performed within 10 hours (range 7.7 
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± 1.6) after delivery and serially during the first 3 days of 
life at 32 ± 2.7 and 55 ± 3.4 hours. 
Doppler echocardiography. Ultrasound studies were 
performed on the newborns at rest in a supine position with 
the Ultra Imager (Biosound, Inc.) mechanical sector scanner 
utilizing a 5 MHz single element transducer combined with 
a 3.5 MHz Doppler interrogation frequency. After the heart 
or great arteries were imaged, the Doppler sample volume 
was positioned within a 75° sector sampling arc. The sam-
pling rate varied with depth. With an angle of intercept (8) 
of 0°, the maximal velocities without aliasing at depths of 
6 and 10 cm were 145 and 87 cm/s, respectively. A line 
on the sample volume cursor documented the flow angle 
estimated by the ultrasonographer and the velocity was then 
corrected (velocity/cos 8). The sample volume axial di-
mension was kept to less than 3 mm and the lateral width 
was 1.5 mm. 
Standard sub xiphoid and apical four chamber, parasternal 
short-axis and suprasternal long-axis two-dimensional echo-
cardiographic views were interrogated. The sample volume 
was placed in a selected chamber or artery for Doppler 
Figure 1. Patent ductus arteriosus. The range-gated sample vol-
ume, shown as short parallel lines on the Doppler cursor, is 
positioned in the distal main pulmonary artery (PA) in the short-
axis view. Depth and size of the sample volume are indicated on 
the calibration scale at the left of the image. The A-mode echogram 
displaying ramp and gain settings is shown to the left of the 
calibration markings. The spectral display of the flow velocity in 
the pulmonary artery is shown to the right of the two-dimensional 
echocardiographic image. The velocity scale is located to the right 
of the curves and ranges from -127 to 160 cm/s. The time scale 
is shown in seconds (heavy lines = I second intervals). The zero 
line is shown traversing the image. The electrocardiogram is dis-
played for timing purposes. Normal pUlmonary velocity registers 
as a negative systolic waveform. Flow through a patent ductus 
arteriosus registers as a positive or aliasing waveform throughout 
the remainder of the cardiac cycle. 
lACC Vol. 6, No.3 
September 1985:623-9 
sampling. Positioning for maximal flow velocity was con-
firmed by both the intensity of the audio signal and the 
spectral display of the Doppler shift frequency obtained from 
fast Fourier transform spectral analysis. Peak velocity was 
measured to the top of the most dense signal on the velocity 
curve and 3 beats/min averaged. Continuously updated two-
dimensional images, Doppler profiles and simultaneous 
electrocardiographic tracings were displayed on a monitor 
and recorded on video tape. Selected frozen images were 
recorded on a strip chart recorder for measurement. 
Doppler flow velocities were recorded at the following 
sites: main pulmonary artery, ascending aorta, descending 
aorta, tricuspid valve (distal to the valve in the right ven-
tricular inflow) and mitral valve (distal to the valve in the 
left ventricular inflow). The cavities of the right and left 
atria were interrogated. During each study, the echocardio-
graphic technician searched each chamber for abnormal ve-
locity profiles. For each site sampled, the mean and range 
for interrogation angle (8) and angle-corrected maximal ve-
locity were calculated. 
Statistics. An analysis of variance procedure was per-
formed for comparison of maximal velocities obtained from 
each site on 3 successive days. Student's two-tailed paired 
t test was performed for comparison of 1) flow velocities 
in the main pulmonary artery, ascending aorta and across 
the mitral valve to assess the effect of closure of the ductus 
arteriosus, and 2) flow velocities in the right versus left 
heart chambers. 
Results 
Patent ductus arteriosus. Figure 1 shows the Doppler 
sample volume positioned in the main pulmonary artery in 
a short-axis view and the resulting Doppler signal. In ad-
dition to the usual systolic flow in the pulmonary artery 
(negative with reference to the transducer), a patent ductus 
arteriosus was associated with retrograde diastolic flow from 
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the aorta into the pulmonary artery directed toward the trans-
ducer. This diastolic signal typically is positive but may 
demonstrate aliasing if the velocity is high. If the sample 
volume is adjacent to the ductal jet, the diastolic signal may 
be negative. The ductal flow reverses direction in the main 
pulmonary artery and passes down into the branches. The 
abnormal diastolic velocity signal was most commonly lo-
calized to the left lateral wall of the distal main pulmonary 
artery. 
Figure 2A depicts a normal velocity profile generated 
from a sample volume located in the middle of the descend-
ing aorta of a 7 hour old infant. The systolic signal is 
negative, with no evidence of retrograde flow toward the 
transducer. However, when the sample volume was posi-
tioned more anteriorly into a juxtaductallocation, a systolic 
retrograde positive signal was detected (Fig. 2B). This latter 
signal reflects flow directed from the aorta in a superior and 
anterior orientation into the ductus arteriosus. The Doppler 
signal always demonstrated marked spectral dispersion in-
dicating non laminar disturbed flow. 
Retrograde diastolic flow in the main pulmonary artery, 
which is evidence of a patent ductus arteriosus, was detected 
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in 10 (91 %) of II newborns on the first day. By day 2 this 
finding was noted in only 18%. The retrograde signal was 
not found in any of the subjects on the third day. Retrograde 
systolic flow in the descending aorta was also noted in 10 
(91 %) of II newborns on the first day. However, this signal 
was still detected in seven infants (64%) on the third day. 
In the 10 infants in whom this abnormal profile was detected, 
the peak retrograde aortic velocity significantly decreased 
from a mean of 82 :±: 34 cmls on day 1 to 48 :±: 24 cmls 
on day 3 (p < 0.01). 
Tricuspid insufficiency. Retrograde systolic flow in the 
right atrium, consistent with tricuspid insufficiency, was 
identified in up to eight (73%) of the newborns. In two of 
Figure 2. Patent ductus arteriosus. Suprasternal long-axis view 
of the aorta (Ao). A, The sample volume is positioned in the 
proximal descending aorta (DEsc Ao).The typical waveform is 
negative with reference to the sample volume (peak velocity I \0 
cm/s). D, The sample volume is positioned in a juxtaductal lo-
cation. An abnormal positive systolic signal consistent with blood 
entering the ductus arteriosus is recorded. See text and Figure I 
for details. 
626 MAHONEY ET AL. 
DOPPLER STUDY OF THE TRANSITIONAL CIRCULATION 
Figure 3. Tricuspid insufficiency. Two-dimensional subxiphoid 
(A) and apical (B) four chamber views are shown with the sample 
volume positioned in the right atrium (RA) proximal to the septal 
leaflet of the tricuspid valve. A retrograde (negative) systolic tur-
bulent signal consistent with tricuspid insufficiency is detected. 
LA = left atrium; LV = left ventricle; RV = right ventricle. See 
text and Figure I for details. 
these eight subjects on day I and one subject on day 3 we 
are not able to detect the abnoll11<ll retrograde velocity, The 
turbulent Doppler signal was well localized to the immediate 
supravalvular tricuspid region, adjacent to the septal leaflet. 
The signal was not detected in the middle of the right atrium. 
As an index of the duration of tricuspid insufficiency, we 
used the ratio of the time interval of retrograde systolic 
velocity either to total closure time of the tricuspid valve 
measured between two successive tricuspid velocity profiles 
or to electromechanical systole measured from the onset of 
the QRS complex to the end of the pulmonary artery velocity 
,waveform. In all II newborns, the ratio exceeded one-half 
of systole but was pansystolic in only I subject on the first 
day. The regurgitant velocities could be seen in both the 
subxiphoid view (Fig. 3A) and the apical four chamber view 
(Fig. 38). The echocardiographic view in which the max-
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imal signal strength was detected depended on the orien-
tation of the regurgitant jet. Similar Doppler findings in the 
left atrium, consistent with mitral insufficiency, were not 
detected. 
Quantitative Doppler velocities. Doppler flow veloci-
ties in the main pulmonary artery, ascending and descending 
aorta and across the tricuspid and mitral valves did not 
significantly change from day I to day 3 (Table I). We 
Table 1. Mean and Standard Deviations* of Angle-Corrected 
Maximal Doppler Velocities (cmls) Measured During the First 3 
Days of Life in II Healthy Newborns 
Day 
Site 2 3 
MPA 71.8 ± 11.4 72.6 ± 7.1 67.8 ± 9.2 
AAO 89.1 ± 9.3 87.2 ± 8.3 78.5 ± 13.8 
DAO 108.5 ± 14.7 110.6 ± 12.8 100.3 ± 14.4 
TV 47.2 ± 10.6 47.8 ± 12.0 44.1 ± 9.4 
MV 54.1 ± 9.6 54.1 ± 9.6 53.1 ± 9.2 
*By analysis of variance there were no significant differences (p > 
0.05) between the mean values on each day. AAO = ascending aorta; 
DAO = descending aorta; MPA = main pulmonary artery; MV = mitral 
valve; TV = tricuspid valve. See text for details. 
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reasoned that large flow through a patent ductus arteriosus 
would result in higher velocities across the mitral valve and 
in the ascending aorta compared with flow velocities at these 
sites when the ductus is physiologically closed. The veloc-
ities were not significantly different (p > 0.05) with the 
ductus arteriosus open or closed in the ascending aorta 
(88.1 ± 10.2 versus 84.4 ± 10.6 cmJs) or across the mitral 
valve (52.1 ± 6.0 versus 53.8 ± 10.2 cmJs). Thus, as-
suming that there had been no change in the cross-sectional 
areas of these sites, the flow across the patent ductus ar-
teriosus was of small magnitude. 
Because flow velocities did not differ during the first 3 
days of life, the data were pooled for normative values in 
newborns. Table 2 presents the mean and ranges for the 
angle of intercept (8) and the angle-corrected maximal ve-
locities recorded in these normal newborns. The velocities 
were significantly lower on the right than on the left side 
of the heart: pulmonary artery versus ascending aorta (p < 
0.01) and tricuspid valve versus mitral valve (p < 0.01). 
Discussion 
Patent ductus arteriosus. Because cardiac auscultation 
correlates poorly with ductal patency, the absence of a mur-
mur does not confirm ductal closure (3,5). On the basis of 
detection of a shunt by oximetry, a method that is insensitive 
to small left to right shunts, physiologic closure of the ductus 
arterioslis occurred within 10 to IS hours of birth (1,2). 
Previous echocardiographic evaluations of ductal patency 
have relied on secondary echocardiographic changes related 
to increased pulmonary blood flow to confirm the presence 
of a patent ductus. These measures included left atrial en-
largement, increased left atrium to aorta ratio and left ven-
tricular enlargement (6-8). Two-dimensional echocardi-
ography has allowed visualization of the ductus arteriosus 
from the suprasternal approach (9,10). These methods may 
be combined with contrast echocardiography in sympto-
matic infants to confirm patency, but the last method re-
quires placement of a catheter into the thoracic aorta (II). 
Our study using pulsed Doppler echocardiography con-
firms patency of the ductus arteriosus in the majority of 
normal newborns. Persistence of ductal patency is confirmed 
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by I) retrograde diastolic flow in the pulmonary artery (3,9,12) 
with flow directed through the ductus into the pulmonary 
artery toward the transducer, 2) a negatively directed pan-
diastolic or nearly pandiastolic waveform in the main pul~ 
monary artery representing direction reversal of the ductal 
shunt in the main pulmonary artery and flow passing down 
into the branches (13), and 3) retrograde diastolic flow in 
the descending aorta, distal to the ductal orifice (9,12) as-
sociated with runoff from the aorta into the low resistance 
pulmonary bed. 
We have described an additional Doppler finding of ret-
rograde systolic flow directed from the aorta into the ductus. 
The presence of a ductus arteriosus, therefore, is suggested 
by either retrograde diastolic flow from the ductus arteriosus 
into the main pulmonary artery or retrograde systolic flow 
from the aorta into the ductus arteriosus. Physiologic pa-
tency of the ductus arteriosus, however, is confirmed only 
by the presence of abnormal diastolic velocities in the pul-
monary artery. 
Huhta et al. (9) observed by two-dimensional echocardi-
ography narrowing near the pulmonary end of the ductus in 
the majority of their subjects. While a few newborns had 
mid-ductal narrowing, no newborn demonstrated narrowing 
only of the aortic end of the ductus. Our present study using 
two-dimensional Doppler echocardiography corroborates these 
findings. The initial disappearance of the retrograde diastolic 
flow into the pulmonary artery with persistence of retrograde 
systolic flow in the aorta confirms physiologic closure be-
ginning near the pulmonary artery end of the ductus, with 
blood still entering the ductal ampulla from the aorta. Hey-
mann and Rudolph (14) indicated that ductal closure does 
begin near its pulmonary artery end. They suggested that 
this may occur because a Bernoulli phenomenon is created 
by the rapid flow of blood from the aorta to the pulmonary 
artery or because the high pressure at the aortic end of the 
ductus arteriosus is maintained while the pressure at the 
pulmonary artery end is reduced as pulmonary resistance 
decreases. 
Our data, like those of Gentile et al. (3), confirm the 
previous postmortem findings of ductal closure occurring 
within the first 48 hours of life in the majority of newborns 
Table 2. Angle Theta and Corrected Maximal Velocities in Normal Newborns 
Angle-Corrected 
Number of 
Angle 0 n Maximal Velocities (cm/s) 
Site Measurements* Mean SO Range Mean SO Range 
MPA 33 8.2 4.4 o to 16 70.8 9.4 53 to 90 
AAO 33 14.7 10.5 o to 57 84.9 11.4 61 to 103 
DAO 32 6.8 3.7 o to 15 106.7 14.2 81 to 140 
TV 29 8.2 5.5 o to 18 46.6 10.5 37 to 76 
MV 31 10.5 5.0 o to 20 53.4 8.1 41 to 70 
*These data are the pooled measurements from the II subjects during the first 3 days of life. Abbreviations 
as in Table I. 
628 MAHONEY ET AL. 
DOPPLER STUDY OF THE TRANSITIONAL CIRCULATION 
(15). Therefore, patency of the ductus arteriosus, evident 
by pulsed Doppler echocardiography, is likely to be ab-
normal in term infants after 3 to 4 days of age. 
Tricuspid insufficiency. Pulsed Doppler echocardio-
graphic study of the flow pattern in the right atrium is a 
highly specific means of detecting tricuspid insufficiency 
(16-19). The severity of insufficiency has been judged by 
the ratio of forward flow to reverse flow in the right atrium 
or superior vena cava (16,17), the area of detectable systolic 
retrograde turbulence in the tight atrium (18) and the du-
ration of the systolic retrograde turbulence (19). The de-
tection of retrograde systolic flow at the tricuspid anulus by 
pulsed Doppler echocardiography in normal newborns with 
clinically inapparent tricuspid insufficiency suggests that 
this technique is extremely sensitive. However, in some 
situations, the inability to detect clinically apparent tricuspid 
insufficiency by Doppler technique may be due to an ori-
entation of the regurgitant jet that is difficult to locate. The 
plane of anterograde flow is not necessarily similar for the 
regurgitant flow, and thus it is possible to miss mild tricuspid 
insufficiency unless all planes are searched. 
Term newborns with a history of significant perinatal 
stress may exhibit transient myocardial dysfunction accom-
panied by transient tricuspid insufficiency (20-22). Mild, 
clinically inapparent triclispid insufficiency was a frequent 
finding in this study of normal newborns. They had a normal 
birth history and Apgar scores. The regurgitant signal was 
well localized to the septal leaflet of the tricuspid valve. 
The velocity of forward flow across the tricuspid valve was 
not increased and did not change over the period of study. 
Although the duration of the retrograde velocity seldom was 
pansystolic, it did last for more than half of systole. Mi-
yatake et aJ. (18) observed an early systolic signal near the 
tricuspid valve in healthy adult subjects but it did not exceed 
the first third of systole. Garcia-Dorado et aJ. (16), on the 
other hand, never detected right atrial systolic turbulence in 
healthy adult subjects. 
We observed that the Doppler waveform from the cavity 
of the right atrium demonstrated a low peak velocity that 
was laminar and had biphasic peaks occurring in systole 
and diastole. Because the high velocity signal was turbulent, 
had a single peak in systole and was not oriented to the 
direction of caval inflow or left to right atrial shunting, it 
is unlikely that the systolic retrograde signal we observed 
in the right atrium either represents a streaming phenomenon 
from the venae cavae or the coronary sinus or results from 
a left to right atrial shunt. Although the azimuthal plane 
cannot be assessed, it is doubtful that a signal from another 
structure, such as a great artery, would induce systolic ve-
locities into the right atrium because the sample volume was 
kept small and localized to the right atrium. Also, great 
artery flow was laminar and had a lower peak velocity than 
the retrograde systolic signal observed in the right atrium. 
Although the cause of transient tricuspid insufficiency is 
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unknown, several explanations have been offered. Schiebler 
et al. (23) suggest that sudden closure of the ductus arte-
riosus and the foramen ovale postnatally forces the right 
heart to pump the systemic venous return thtough the high 
resistance pulmonary circulation present in the newborn. 
This results in an overload of the right ventricle and sec-
ondary tricuspid insufficiency. With the reduction of pul-
monary resistance, right ventricular pressute decreases and 
the tricuspid insufficiency resolves. Freymann and Kallfelz 
(24) criticize this explanation on the grounds that newborns 
still have a patent foramen ovale and take longer to improve 
than this theory would suggest. Also, should this expla-
nation be correct, more newborns would be clinically rec-
ognized to have tricuspid insufficiency. However, our find-
ings tend to support the explanation because we identified 
a high frequency of clinically inapparent tricuspid 
insufficiency. 
Shakibi and Diehl (25) suggest that transient tricuspid 
insufficiency may relate to late development of the medial 
cusp of the tricuspid valve. Bucciarelli et al. (20) speCUlate 
that the papillary muscles are particularly sensitive to isch-
emia and such an insult would lead to dysfunction of the 
valve. Perhaps during a normal delivery, mild cardiac isch-
emia occurs causing minor papillary muscle dysfunction and 
resulting in mild tricuspid valve insufficiency. 
Quantitative Doppler velocities. Because angle cor-
rection may overestimate the peak velocities, values will be 
most accurate when the interrogation angle is kept small. 
Our values for angle-corrected maximal velocities are sim-
ilar to those in published data for older neonates, infants 
and children (4). However, in the newborns reported in our 
study, the mean velocity in the descending aorta is greater. 
In the newborn, the diameter of the aortic isthmus is smaller 
than the diameter of the descending aorta (26). This may 
result in acceleration of flow into the proximal descending 
aorta of newborns. An increase in caliber with increasing 
age will result in decreasing descending aortic velocities. 
Grenadier et al. (4) also noted that peak velocities were 
lower on the right than on the left side of the heart. They 
attributed this to lower right heart pressures. However, the 
pulmonary artery velocities they recorded in newborns, who 
have higher pulmonary pressures, were lower than velocities 
in older children. An alternate explanation can be drawn 
from pathologic studies which have shown that the cross-
sectional areas of the tricuspid versus mitral valve and pul-
monary artery versus ascending aorta are greater (27). 
Therefore, because equal blood flows on the right and left 
sides exist, the velocity of flow on the right would be less 
because the valve and vessel diameters are greater. 
Conclusion. In this study, we have characterized the 
transitional circulation by pulsed Doppler echocardiography 
in normal newborns. The presence of a ductus arteriosus is 
suggested both by retrograde systolic flow in the descending 
aorta and by diastolic flow in the pulmonary artery. The 
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latter observation confirms patency of the ductus arteriosus. 
Persistence of the retrograde systolic flow in the descending 
aorta in the absence of retrograde diastolic pulmonary artery 
flow is consistent with physiologic ductal closure beginning 
near the pulmonary artery. Mild localized, clinically inap-
parent tricuspid insufficiency appears to be a frequent ob-
servation in healthy newborns. In contrast, stressed new-
borns present with clinically apparent transient tricuspid 
insufficiency. 
We gratefully acknowledge the role of Nancy Ungs in preparing and editing 
this manuscript and Susie Truesdell in performing the statistical analyses. 
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